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Abstract

Left ventricular assist devices (LVADs) are vital for man-
aging severe heart failure in transplant-ineligible patients,
but device exposure and infection pose significant chal-
lenges. This report details a 42-year-old man with dilated
cardiomyopathy and bronchial asthma who presented with
an externalized LVAD following a HeartMate II to Heart-
Mate III exchange due to malfunction. Our tailored sur-
gical strategy treated the LVAD driveline and main body
as two distinct parts. This distinction is crucial, as ma-
jor upstream infections typically originate from the drive-
line. We applied flaps to these parts for different purposes,
maximizing their unique characteristics. The omental flap,
chosen for its flexibility, blood supply, and immunologi-
cal activation upon foreign body contact, covered the driv-
eline. The latissimus dorsi flap provided vascularity and
mechanical protection for the LVAD. Additionally, we re-
view the omentum’s basic physiological aspects, which are
often unfamiliar to clinicians. Infection has not recurred in
6 months postoperatively, demonstrating the approach’s ef-
fectiveness.
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Introduction

Heart transplantation has long been considered the
definitive treatment for end-stage heart failure, offering
longer life expectancy and improved functional status to
patients with severe cardiac dysfunction [1]. However,
the scarcity of donor organs and contraindications in many
patients necessitate alternative management strategies. In
this context, left ventricular assist devices (LVADs) have
evolved not only as a bridge to transplantation but also as a

destination therapy for patients who are not candidates for
heart transplantation [2].

LVADs effectively provide hemodynamic support and
prolong survival but are associated with significant com-
plications. Complications can be roughly categorized into
LVAD-specific problems, such as suction events, pump
thrombosis and its complications, and LVAD-associated
complications, including bleeding, cerebrovascular events,
dysrhythmia, and aortic regurgitation [3]. Among these,
infection is one of the most common complications, pos-
ing substantial management challenges and impacting pa-
tient outcomes [4]. Once an LVAD becomes exposed due
to surgical or wound-related complications, a comprehen-
sive, multidisciplinary approach becomes essential to man-
age the device and associated infections effectively. Al-
though the definitive treatment for infection of a prosthetic
material is its removal, lifesaving devices cannot be easily
removed, so strategies like local wound disinfectant dress-
ings, surgical debridement and antibiotics, relocation or
reimplantation, and recently, negative pressure wound ther-
apy (NPWT), are used and have shown improved outcomes
[5–7].

In this report, we describe our experience in a case of
LVAD exposure, emphasizing the distinct strategy taken to
address this serious complication. This case underscores
the importance of distinguishing between different parts of
the LVAD in surgical planning and enhances our current un-
derstanding of activation of the omentum and its clinical
significance.

Case Presentation

A 42-year-old man with a longstanding history of di-
lated cardiomyopathy, which he had lived with for over two
decades, presented to our plastic surgery department due to
the externalization of his LVAD while awaiting heart trans-
plantation. His medical history included bronchial asthma,
but he had no other systemic diseases.
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Four years prior to his initial visit to our department,
a HeartMate II LVAD had been implanted. Approximately
3 years and 10 months post-implantation, a suspected mal-
function in the power delivery line had made it necessary
to exchange the HeartMate II for a HeartMate III. Due
to differences in the dimensions of the devices, modifi-
cation of the thoracic cage was required, which included
coverage of the device with a Gore-Tex sheet, resection
of the 6th and 7th ribs, and application of a rib fixation
plate. Two weeks after insertion of the new device, a serous
fluid accumulation was noted beneath the surgical site,
resulting in wound dehiscence. Reopening and drainage
were performed, followed by application of an NPWT sys-
tem (SNaP™, Spiracur, Inc., Sunnyvale, CA, USA) for 1
month. Although the wound had initially closed, expo-
sure of the rib fixation plate occurred 3 months later. The
wound was debrided and the LVAD repositioned. Despite
these interventions, wound dehiscence recurred, necessitat-
ing reapplication of the NPWT system (SNaP). Cultures
from the wound yielded Candida albicans, prompting the
initiation of NPWT with instillation and dwell (NPWTid;
V.A.C. ULTA™ Therapy System, KCI USA, Inc., San An-
tonio, TX, USA) 3 times a week on a sterile operation field
alongside antifungal therapy. After 1month of conservative
treatment, the wound showed no signs of improvement, and
he was referred to our plastic and reconstructive surgery de-
partment.

On initial examination, the wound margins appeared
indurated, with the Gore-Tex sheet covering the LVAD vis-
ibly exposed and the surrounding skin notably pigmented
(Fig. 1). During the evaluation and planning phase by
the plastic and reconstructive surgery department, NPWTid
was continued until the day of the operation, resulting in a
total application period of 11 weeks, but this resulted in no
improvement. A CT (computed tomography) scan revealed
an abnormal fluid collection around the LVAD pocket, sug-
gestive of infection and hematoma formation, and improve-
ment had been noted onmonthly follow-ups, and no density
changes or abnormal fluid collection around the driveline.
EKG (electrocardiogram) revealed a regular sinus rhythm
with normal heart rate, P waves, QRS complexes, T waves,
and PR intervals, and no significant ST-segment changes or
abnormalities in all leads. The postoperative echocardio-
gram for the LVAD showed increased peak velocity at the
inflow cannula, as well as mild diffuse hypokinesis of the
left and right ventricles. The aortic valve opened fully with
no regurgitation, and there was mild mitral regurgitation.
Tricuspid annuloplasty showed trivial regurgitation without
stenosis, and mild pericardial adhesion was noted. Labora-
tory findings revealed mild leukocytosis and mild elevation
of C-reactive protein.

A surgical incision was made around the discolored
and indurated skin tissue. Then, the Gore-Tex sheet and
deteriorated soft tissues were completely excised. The de-
bridement resulted in a soft tissue defect measuring approx-

Fig. 1. Clinical status of a patient with left ventricular as-
sist device exposure at initial examination in our department.
Thewound has dehisced, exposing the underlying Gore-Tex sheet.
The surrounding skin is discolored and firm.

imately 16 × 5.5 cm. A pedicled omental flap and a pedi-
cled latissimus dorsi (LD) flap were elevated to prepare for
reconstruction. The omental flap was raised through a me-
dian laparotomy incision and was used to cover the drive-
line (Fig. 2). The musculocutaneous LD flap was used to
cover the LVAD and the skin defect. The donor site of the
LD flap was closed using a split-thickness skin graft. The
patient has been under observation for 6 months postopera-
tively and has shown no signs of recurrent infection around
the device (Fig. 3).

Discussion

Historically, well-known flaps for chest wall recon-
struction include pectoralis major, rectus abdominis, latis-
simus dorsi, and greater omentum flaps. The pectoralis ma-
jor flap reliably covers the midline to the ipsilateral anterior
upper chest with a dependable pedicle. Significant muscle
atrophy can occur if themedial pectoral nerve is not restored
[8]. The rectus abdominis flap provides a wide range of an-
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Fig. 2. Positioning of the flaps. The greater omentum is raised
through a median laparotomy incision below the umbilicus and
positioned through a subcutaneous tunnel to cover the driveline.
White arrow: Omental flap. Black arrow: Latissimus dorsi flap.
Dashed line: Driveline.

terior chest coverage and includes a large skin island [9].
The latissimus dorsi flap is effective for covering anterolat-
eral to posterior defects [10]. These muscular or myocuta-
neous flaps can lose volume depending on the proportion of
muscle fiber type, innervation, and blood supply [8]. The
greater omentum, a visceral adipose tissue flap, is also his-
torically well-known for its immunological function and is
widely used for infection control [11].

The management of LVAD infections presents a sig-
nificant clinical challenge, as infections often originate
from the driveline site and can ascend to involve the en-
tire device system [12]. In our case, strategic surgical in-
terventions using specific tissue flaps were critical in man-
aging both the device and its driveline, addressing the dis-
tinct challenges posed by each component. Our approach
focused on employing specific flaps with a deep under-
standing of their characteristics to address both the mechan-
ical and biological vulnerabilities associated with LVAD
implantation. The decision to use an omental flap for the
driveline and a musculocutaneous LD flap for covering the
LVAD itself was guided by an understanding of the distinct
challenges presented by each component and the unique
properties of these tissues.

Fig. 3. Clinical status at 6 months postoperatively. No signs of
recurrent infection are evident, either on the device itself or along
the driveline.

The gross characteristics of the omentum, particularly
its pliability and thinness, make it an ideal choice for oblit-
erating complicated spaces or covering prostheses [11]. Its
abundant blood supply is crucial, as it facilitates the robust
delivery of nutrients and immune cells to the site, which is
essential for enhancing the healing process and controlling
infections [4]. Moreover, the greater omentum is known to
become activated upon foreign body exposure. This acti-
vation results in significant increases, up to 20-fold, in size
and weight. Histologically, the proportion of cellular com-
ponents in the omentum becomes more prominent, and the
number of milky spots increases [13]. The activated omen-
tum is richer in cytokines, facilitating the differentiation of
mesenchymal stem cells and various growth factors. These
biological changes enhance the immunological functions of
the omentum, making it pivotal in defending against infec-
tions [13].

In this case, the omental flap was selected for its abil-
ity to effectively seal spaces around the driveline, minimiz-
ing gaps that could potentially harbor infections. This seal-
ing effect is further enhanced by its expected gross and im-
munological activation, which would significantly increase
its biological potential both anatomically and molecularly.
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Basic research in animal models has demonstrated
that the activity of the activated omentum lasts for several
weeks. This is particularly pertinent, as Sivaratnam and
Duggan [14] have highlighted, given that the critical period
for the upstream dissemination of infection typically occurs
between 2 to 6 weeks postoperatively. This timing under-
scores the omentum’s capacity to provide a comprehensive
dual mechanism of protection during this vulnerable period.

For LVAD coverage, the musculocutaneous LD flap
was selected because it provides the superior perfusion
characteristics of muscle tissue compared with fasciocuta-
neous flaps [15]. While critical evidence directly compar-
ing these types of flaps is lacking, muscle flaps are generally
considered more effective for obliteration of dead space,
enhancing infection control, and improving perfusion [16].
Additionally, the bulkiness of the LD flap provides substan-
tial physical protection for the LVAD. This cushioning not
only shields the device frommechanical exposure and dam-
age but also maintains structural integrity, which is crucial
for long-term device support. In this particular case, a pedi-
cled LD flap was used, preserving the thoracodorsal artery
and nerve. This technique is expected to minimize muscle
atrophy to maintain flap volume and functionality, thereby
enhancing the protective and therapeutic benefits of the flap
over time [8].

These strategic choices reflect a deep integration of
anatomical, physiological, and immunological considera-
tions into the surgical management of complex LVAD com-
plications.

Conclusion

This case highlighted the importance of specialized
surgical interventions in the management of an exposed
LVAD, with distinct strategies employed for the driveline
and the LVAD itself. Using different flaps for each part
effectively addressed their unique mechanical and biologi-
cal challenges, based on the specific biological characteris-
tics of each flap rather than merely obliterating large dead
spaces. These tailored approaches underscore the need to
consider the specific anatomical and clinical circumstances
of each part of the device, potentially improving outcomes
in the management of complex LVAD complications. Fur-
thermore, this case demonstrates the clinical importance of
understanding the activation of the omentum upon foreign
body exposure, which can enhance infection pathway oblit-
eration. Future research should elucidate histopathological
evidence and explore long-term outcomes involving larger
populations to further validate these strategies and optimize
management protocols for LVAD complications. Adher-
ence to the CARE guidelines ensures that this case report
meets the highest standards for clarity and completeness.
The checklist is provided in the supplementary materials for
reference (Supplementary Fig. 1).
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